The Scientific Activities of Frank Pell Underhill by unknown
;
iTHE SCIENTIFIC ACTIVITIES OF
FRANK PELL UNDERHILL
Into the inspiring environment of the Sheffield Laboratory of
Physiological Chemistry Frank Underhill brought in bountiful
measure those qualities of intellect and character necessary for a
record of enduring scientific achievement. Such a record was hewn
out of his opportunities not only there but later in the Chemical
Warfare Service and in the School of Medicine. Throughout these
three phases of his scientific career Underhill exhibited consistently
a painstaking and prodigious industry, a discerning intellect and
inflexible scientific honesty. Though outwardly reserved, and to
some appearing austere, his many warm friends found Underhill
genial, generous and gifted with rare humor. Armed with such
inherent traits as these and long privileged by intimate association
with Chittenden and Mendel his attacks on the problems of physi-
ological chemistry, pharmacology and toxicology proved exceedingly
fruitful.
During the period (1903-18) when he was on the staff of
Physiological Chemistry in the Sheffield Scientific School the most
significant of Underhill's researches, in an amazing variety of fields,
were probably those pertaining to the physiologic action of protein
derivatives, the carbohydrate metabolism and the physiologic action
of tartrates. His researches for the Chemical Warfare Service dealt
with the physiology and treatment of lethal gas poisoning. Most
prominent among his many contributions from the Yale Medical
School were those related to the water metabolism, burns and
pellagra.
Before describing further the above work attention may first be
directed to the variety and importance of Underhill's other con-
tributions; these were often of direct clinical as well as of funda-
mental interest. Much attention was given to parathyroid tetany,
including its relations in particular to the acid-base balance of the
body and the metabolism of calcium phosphates and of carbo-
hydrates. Inorganic salt metabolism was studied in its relations to
diet, to iodides, to oxalates and citrates, to the spleen, to tetany and
to pregnancy, not to mention the bearings of salts on water
metabolism.
The division rate of paramecia was studied jointly with Wood-
ruff as a possible test for the detection of obscure chemical changes
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in the body. An extraordinary inhibition of the division rate of
paramecia was found in well-controlled experiments with extracts
of nephritic kidneys and of carcinomatous breasts.
One of Underhill's earliest findings was his discovery of lactic
acid in the urineduring pernicious vomiting of pregnancy. He later
reported the same finding in the cydic vomiting of children.
The calcium and magnesium metabolism in leprosy as well as
in exostosis was investigated, with the result that increased calcium
was indicated for the diet in the former condition but for the latter
a restriction of both calcium and magnesium.
Several studies were also made on the metabolism of ammonium
salts, creatine, phenols and lactic acid respectively. He discovered
further that large doses of benzyl benzoate augment the nitrogen
metabolism.
Attracted at one time by the subject of electroionic medication
Underhill showed that the electric current facilitates the introduction
of many alkaloids and other substances through the skin.
Among his pharmacologic papers the subjects of cocaine, choline,
pilocarpine, epinephrine, benzyl benzoate, chloroform and mag-
nesium, and methylene blue are dealt with. He was especially
interested in the fate of arsenic both in poisoning and after the
administration of the arsphenamins. He described its transmission
to the fetus, and especially to the placenta, and showed that the
arsphenamins stimulate the excretion of sulphur. He investigated
the fate of aluminum in animals and man, as well as the pathologic
changes induced, and he devised much improved methods for alu-
minum detection in the tissues. He also studied the behavior of
malic acid and some of its congeners in the body.
These and still other original investigations are included in the
nearly two hundred titles of Underhill's bibliography. Among the
collaborators there listed will be found many of world-wide reputa-
tion. His research associates together with a far larger number of
medical and chemical pupils found him a rare source of inspiration
and guidance.
Next to the treatise on war gases his most important monographs
were "The Physiology of Amino Acids", the "Manual of Selected
Biochemical Methods As Applied to Urine, Blood and Gastric Anal-
ysis" and "Toxicology or the Effects of Poisons". The first-men-
tioned reviews thoroughly the knowledge of animo acids up to 1915.
Thesecond offers an adequate laboratory course in biochemical meth-
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ods and evidences Underhill's characterization as a painstaking
teacher, gifted with the power of concise and dear exposition.
The Toxicology Manual presents, for the benefit of medical
students and physicians, aconcise description of the effects of poisons.
This has appeared in two editions.
Underhill was a very effective medicolegal expert, whose ser-
vices were often drawn upon in criminal procedures in this part of
the country. Furthermore, he was a valued consultant on important
commercial questions related to his own field. In this type of work
his intolerance of pseudoscience and fraud stood him in good stead.
We may return now to Underhill's major scientific interests,
beginning with those pursued chiefly in the Sheffield Laboratory of
Physiological Chemistry, and closing, after the war gas work, with
the problems of the Laboratory of Pharmacology and Toxicology.
Protein Derivatives
Underhill made his scientific debut with "New Experiments on
the Physiological Action of the Proteoses", published in the Ameri-
can Journal of Physiology in 1903. Its topic appropriately chosen
in the field of protein chemistry, the paper conformed to the best
traditions of the laboratory. It was shown that the purest of pro-
teoses definitely reduce the blood pressure, disposing of an hypothe-
sis which had ascribed such action to "toxic impurities".
Throughout his scientific career Underhill continued his interest
in the action of protein derivatives, and his investigations embraced
a wide range of the nitrogenous substances including peptone,
"Vaughan's Crude Soluble Poison", and so on down to ammonia.
Many of these were investigated for their effects upon the nitrogen
metabolism and for the production of low blood pressure and
"shock", also for their effects upon the alkali reserve and blood
concentration.
Not the least interesting were Underhill's recent discoveries of
the pharmacological effects of the electrolytic products of peptone.
The typical peptone blood-pressure fall was obtainable only with the
cathode product which, however, usually exhibited a weakened anti-
coagulant effect upon blood. The anode product delayed the dot-
ting time as usual but raised instead of lowered the blood pressure.
Of further interest is the fact that injection of these products con-
ferred no immunity; repeated injections (unlike the case of pep-
tone) were quite as effective as the first.
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Carbohydrate Metabolism
In his first series of investigations on the carbohydrate metabo-
lism, begun in 191 1, Underhill struck very close to the heart of the
diabetes problem. He first confirmed the fact that hydrazine is
capable of decreasing the blood sugar as well as depleting the liver
of its glycogen. Since there was no glycosuria, increased combustion
of carbohydrate was suggested as the cause of diminished blood sugar
after hydrazine. This surmise was later confirmed by Underhill
and Murlin, who found the respiratory quotient increased by
hydrazine.
In the meantime however Underhill and Kleiner studied the
action of hydrazine in depancreatized dogs and succeeded, by giving
hydrazine before but not after depancreatization, in protecting such
animals from glycosuria. Dogs thus protected were found to have
either normal or even low blood sugar.
In another series of researches Underhill suggested that the acid-
base equilibrium is a factor in blood-sugar regulation. This was
indicated by the results of attacking the problem from many angles,
for example, alkali injections under suitable conditions yielded
hypoglycemia as a result. Again an alkaline diet was found more
favorable to glycogen storage than one in which acid-forming food
predominated.
In a case of human diabetes large doses of sodium bicarbonate
held the glycosuria in abeyance over periods of several weeks. In
many careful tests upon rabbits it was shown possible to control
with alkalies the hyperglycemia and glycosuria resulting from
epinephrine.
Epinephrine hyperglycemia was the central theme of other'
researches of Underhill, who was attracted by its possible relation-
ship to the action of many drugs, for example, nicotine, thyroxine,
hypnotics such as urethane and amytal, and parasympathetic drugs
such as pilocarpine, choline and acetyl choline. Certain interrela-
tions between the thyroid, parathyroid and adrenal glands were also
investigated in this connection.
Underhill described magnesium hyperglycemia and investigated
the mechanism of "salt glycosuria", which he was able to inhibit
with calcium.
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Tartrates
The significance of Underhill's work with tartrates lies less in
its extent than in the brilliance of the discovery of tartrate nephritis.
Others had observed nitrogen retention after tartrate feeding, but as
this was before the days of extensive studies on blood nitrogen, they
had failed to recognize its significance. On confirming the nitro-
gen retention Underhill and H. G. Wells at once turned to the
histology of the kidney and found there the key to the situation.
He also investigated the possible relationship of tartrates to diabetes
as well as their effects upon the water and salt metabolism.
Many years later, in the Medical School, Underhill outlined a
program for enlarging the knowledge of tartrate action. With the
aid of his improved biochemical methods for tartrate detection he
investigated in animals and man the fate of tartaric acid, correlating
this with the pathologic changes induced.
War Gases
Although Underhill's interest in the water exchange of the body
dated back to his work with Bogert and Mendel on the readjust-
ments following the intravenous injection of fluid under various con-
ditions, it was undoubtedly his connection with the Chemical War-
fare Service which gave the impetus to his intense activity in this
field. From this time on it became his chief center of scientific
interest.
His contributions to the problem of war gas poisoning laid bare
in striking fashion the significance of bodily water exchange. They
also provided a method of treatment for gassed individuals, based
on the proper control of body fluids. Its value had been demon-
strated in animals and was ready for extensive application under
Underhill's supervision on the Western Front just as the war closed.
Although for a half-century something had been known of the
quantitative and qualitative effects of chlorine gas in the production
of pulmonary edema and death, there was before the World War
no comprehension of the internal behavior of the organism in
response to chlorine and related gases. The Yale Station of the
Chemical Warfare Service, established first under the Bureau of
Mines by Yandell Henderson, had at its disposal extensive facilities
for a comprehensive study of the physiological and experimental
treatment of the lethal war gases. Underhill organized efficiently
305YALE JOURNAL OF BIOLOGY AND MEDICINE
a large division for the study of the intermediary metabolism and
eventually took charge of the Station which was located at the old
Yale Athletic Field.
Underhill and his associates devoted their chief attention to
chlorine, phosgene and chlorpicrin poisoning, and the results with
these and other gases are summarized in his three-hundred page
monograph published by the Yale UniversityPress in 1920. Herein
are described the use of lethal gases, thetoxicology and pathology,
their influence on respiration, pulse and temperature, the effects of
repeated exposure, the changes in metabolism as indicated by a study
of the urine, the alterations in blood concentration, and in the red
and white cells, the development of pulmonary edema, oxygen
changes in the blood, acidosis and an interpretation of gas poisoning.
Further is described the effective treatment in animals of chlorine,
phosgene and chlorpicrin poisoning respectively; the use of oxygen
in such treatment is also discussed. The final chapter deals with
phosgene poisoning in man. In the appendix are detailed the meth-
ods which were employed in the work on animals. In this large
enterprise he gave especial credit to his colleagues: Woodruff,
Laurens, Baitsell, Goldschmidt, Wilson, H. D. Hooker Jr., Greene,
Smith and Chanutin.
A result of coordinated studies on the animals gassed at the Yale
Station was the monograph on the Pathology of War Gas Poisoning
by M. C. Winternitz, who headed the pathological division.
Underhill pointed out that the detrimental influence of the
above-mentioned gases
is confined to the respiratory tract and that all other effects must be
regarded as secondary, since it has been impossible to determine the absorp-
tion of these gases into the blood-stream. Exposure to them results in a
variety of changes in the organism, in addition to the development of pul-
monary edema. Thus, gassing has a definite influence on the respiration,
heart beat, temperature, concentration of the blood, the water content of the
lungs and other tissues, the chlorid content of the blood and tissues (with
resulting changes in chlorid excretion by way of the kidney), the number of
red and white cells of the blood and the respiratory function of the blood,
leading to dyspnea and partial asphyxia. Acidosis is present at times, and
there is a distinct influence on protein metabolism.
When one attempts to correlate these various effects, the task at first
seems well-nigh impossible. Closer inspection, however, brings to light one
significant feature, namely, changes in the concentration of the blood.
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Viewed from this standpoint, the picture presented by a typical lethal gas,
namely, phosgene, shows that acute gas poisoning may be divided into three
stages.
In the first stage, which lasts from five to eight hours, there is usually
a very significant dilution of the blood. In this period, pulmonary edema
is developing. In the first part of this period the temperature may fall
markedly; in the latter part of the period there is a greatly accelerated
pulse, accompanied by a rise in temperature considerably above the normal.
The second stage, which reaches its maximum between the fifth and
twenty-fourth hours, is characterized by a very marked concentration of
the blood. In this period the temperature may be well maintained, or there
may be a distinct drop below normal. If the temperature is well main-
tained, the condition of the individual is considered good. On the other
hand, if the temperature suddenly falls, the outcome is usually fatal.
The third stage is characterized by a readjustment to normal conditions
with respect to both concentration of the blood and temperature.
As aresult of these findings Underhill and his associates evolved
the method of treatment based upon venesection in the period of
blood dilution and the introduction of fluid during the period of
blood concentration. Recovery occurred in most instances with only
the venesection treatment but if extensive blood concentration and
temperature fall set in, fluids also were given.
It was found that oxygen treatment alone in gas poisoning did
not save life, for oxygen administration does not change the con-
centration of the blood which is the direct cause of death. When,
however, the concentration of the blood can be restored to nearly
normal, the addition of oxygen to the treatment was found of
obvious benefit in aiding the blood to gain its normal respiratory
functions.
The above treatment was found sufficient for phosgene poison-
ing, but for chlorine and chlorpicrin both early bleeding and early
infusion were found imperative. Chlorine poisoning, furthermore,
shows significant acidosis and here sodium bicarbonate administra-
tion was added to the therapeutic measures.
Influenza
Experience with the pathology of influenza and of war gas
poisoning, led Winternitz and his associates to point out the striking
similarity between the two conditions, down to the smallest details
both of the pulmonary edema and the pneumonic process. Under-
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hill and his collaborators next found that the clinical picture in war
gas poisoning and in fulminating influenza is essentially the same,
and he has thus described the r8le of the water metabolism in this
picture:
The development of an extensive pulmonary edema withdraws a large
volume of fluid from the blood. The edema fluid has a protein and salt
content somewhat resembling that of the plasma so that the capillaries of the
lungs must be completely permeable. Later anhydremia indicates that the
capillary permeability has become decreased. When blood concentration
becomes extreme (above 125 per cent of normal) serious symptoms set in.
The blood becomes so thick and sticky that it is no longer capable of acting
as an efficient oxygen carrier, circulatory failure develops, temperature rises,
urine secretion is greatly reduced, respiration is markedly impaired, vomiting
and general irritability give way to stupor, and finally death occurs from
tissue asphyxiation. These symptoms disappear when the blood concentra-
tion is reduced to normal; they fail to appear if the forcing of fluid is begun
sufficiently soon to prevent a marked concentration of the blood.
Burns
In extensive superficialYburns Underhill found again the clinical
picture resembling war gas poisoning and yielding to the same type
of treatment. The extreme blood concentration (or shock) he
regarded as the only tangible cause of death. He described the
successful treatment of twenty-one patients seriously burned in a
local theater fire. The beneficial effects of fluid administration were
marked.
His most recent studies led him to emphasize capillary perme-
ability as the essential factor in the leakage of plasma-like fluid from
the circulation. This was regarded as increased, especially in the
outward direction, in a heat burn, and since resorption of the edema
fluid is extremely slow, it was postulated that there may be a
decreased capillary permeability in the opposite direction.
With a burn involving 17 per cent of the total body surface the edema
fluid may amount to 70 per cent of the initial blood volume. The edema
fluid of a superficial burn is drawn largely from the blood, the composition
of the tissues being very slightly altered. The composition of the edema
fluid approximates that of the blood serum of the burned animal.
Some of Underhill's recent work was directed toward disproving
the existence of a specific "burn toxin". With this hypothesis he
had little patience; no such chemical entity has ever been demon-
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strated, nor is it needed to account for the bodily changes. On the
other hand, plans for a more searching investigation into the chemi-
cal tissue changes in burns held a special fascination for Underhill
in his last days.
Further Studies on Water Metabolism
Supplementary to his labors on war gases, influenza and burns,
Underhill attacked the problem of water and salt exchanges in the
body by a great variety of other procedures including hemorrhage
and various dietary conditions, the effects of water, salt, glucose,
protein derivatives and colloids, and of such drugs as pilocarpine,
phlorhizin, histamine, diuretics and purgatives.
The influence of Underhill's work upon the water exchange has
been far-reaching. Both at home and abroad have been adopted
clinical improvements in the treatment of fever, burns, etc. Such
instances may also be cited as the production of a valuable mono-
graph on burns by his collaborator, Pack, as well as the elucdation
of many facts concerning the water-shifting mechanisms of the body
by those interested in relating these mechanisms to heat regulation
and fever.
Underhill's most recent publications on the water metabolism
described the facts that underwater-starvations, augmented bybleed-
ing or the addition of phlorhizin, the blood becomes greatly con-
centrated, the skin may lose as much as 20 per cent of its water, and
some water may be lost from the muscles, but the liver (and prob-
ably the kidney) never loses water, and any marked loss from the
tissues results in death. Pilocarpine was found to cause pulmonary
edema, blood concentration, and an increase in the water content of
most of the organs.
From these and many other studies Underhill concluded that
water exchange is largely through the blood and that the blood can
gain or lose water within rather wide limits without profoundly
affecting the water content of the tissue parts of the body, and that
if the water relationships of the tissues are appreciably altered, death
will ensue.
Pellagra
A problem keenly interesting to Underhill during his last years
was the nature of pellagra; but to him, as to Goldberger, was denied
the ultimate key to its solution.
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In 1917 Chittenden and Underhill had called attention to the
production in dogs of a pathological condition dosely resembling
human pellagra induced by a diet composed largely of boiled peas,
together with cracker-meal and cottonseed-oil. After a time on
such a ration the animals developed inflammation of the mouth with
more or less sloughing of the mucosa, and what was particularly
noticeable, a peculiar and characteristic appearance due to the inner
surface of the cheeks and lips and the edges of the tongue being
covered with a mass of pustules. There was also a bloody diarrhea.
In 1922, Wheeler, Goldberger and Blackstock called attention
"to the striking similarity and probable identity of Chittenden's and
Underhill's pellagra-like syndrome in dogs and the condition known
to American veterinarians as 'black tongue'," to which they added
the statement, there is "the possibility, if not the probability, that
black tongue in dogs may prove to be the analogue of pellagra in
man."
In 1928 Underhill and Mendel reported in the American
Journal of Physiology additional experiments on the pellagra-like
condition in dogs described by Chittenden and Underhill, which
condition they held to be possibly related to so-called black tongue.
As to the exact nature of the deficiency responsible for this disease
several possibilities were noted, viz., the character of the protein
in the diet, its content of amino acids, insufficiency of fat-soluble
vitamin A, inadequate amount of water-soluble B, a deficiency in
calcium and phosphorus and likewise of nitrogen.
By experiments carefully designed to determine these points it
was shown that modification of the Chittenden-Underhill diet by
the addition of considerable meat and bone-ash with its large pro-
portion of calcium and phosphorus did not protect the dogs, nor
were the characteristic, untoward symptoms modified. Again, re-
placement of the peas in the diet bylean raw meat failed to maintain
the dogs and they died with the typical symptoms. If, however,
fresh pigs' liver was introduced into the diet the disease was pre-
vented, while the addition of butter-fat or boiled, unpeeled carrots
was also found effective.
Later, in 1928, Goldberger and Wheeler reported the produc-
tion of canine black tongue using a diet similar to that of pellagrins.
They considered this disease essentially identical to that produced by
Chittenden and Underhill. In the same year, Goldberger,
Wheeler, Lillie and Rogers reported the prevention and cure of
black tongue by "something contained in yeast".
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Underhill, at the last, undertook a program to darify the differ-
ences between the results of Underhill and Mendel and those of
Goldberger. He began by the repetition of Goldberger's experi-
ments. This phase of the work he practically completed in col-
laboration with Callison. Underhill's final view-point may best
be given in his own words, appearing in the Journal of the American
Medical Association just two weeks after his death:
At present there exists a wide discrepancy between the results which
Mendel and I reported and those of Goldberger. The former found that
butter, carrots and pig's liver were effective agents in the prevention of our
experimental condit;on and that the pathologic symptoms developed in the
presence of an apparently adequate supply of compressed yeast. On the
other hand, Goldberger and his associates assert that butter and carrots are
ineffective but that yeast, pig's liver and lean beef possess preventive powers
against black tongue and human pellagra. The suggestion has been made
by Goldberger that the two experimental states under discussion may not be
identical, as had previously been assumed. The variations in experience with
the experimental condition are perhaps only an expression of the complexity
of the syndrome elicited, and may be indicative of a multiple deficiency elicit-
ing manifold symptoms which, although superficially alike in etiology, may be
quite distinct and separate. Until further much more critical experimentation
is completed, decision must be reserved relative to the identity of the two
experimental pathologic states and their relationship to human pellagra.
It was Underhill's cherished hope, especially after Goldberger's
death, to contribute the experimentation still needed.
Weite Welt und breites Leben,
Lange Jahre redlich Streben,
Stets geforscht und stets gegriindet,
Nie geschlossen, oft geriindet,
Aeltestes bewahrt mit Treue,
Freundlich aufgefasstes Neue,
Heitern Sinn und reine Zwecke:
Nun, man kommt wohl eine Strecke.
-Goethe.
H. G. B.
BIOGRAPHICAL NOTE
Frank Pell Underhill was born in Brooklyn, New York, December 21,
1877, the son of David Bonnett and Emma (Housie) Underhill. On
September 2, 1903, he married Lavina Reed Chasmar, of Norwalk, Con-
necticut. He was graduated from Yale University, with the degree of Ph.B.,
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in 1900, and here he obtained the degree of Ph.D. in 1903. His entire
academic career was spent at Yale University, where he became assistant in
physiological chemistry, 1900-03; instructor, 1903-07; assistant professor,
1907-12; professor of pathological chemistry, 1912-18; professor of experi-
mental medicine, 1918-21; and professor of pharmacology and toxicology,
1921-32.
During the World War he was in charge of the Division of Intermediary
Metabolism of the United States Gas Investigation at New Haven, and as
Lieutenant-Colonel, Chemical Warfare Service, he was the commanding
officer of the New Haven Station. Appointed the United States representative
to the Interallied Gas Warfare Conference, Paris, France, in October, 1918,
he became vice-president of the Conference and was assigned to duty with
the Chemical Warfare Service, A.E.F., in 1918.
Dr. Underhill served as chairman of the Committee on Biological Chem-
istry of the National Research Council. He was Goldsmith lecturer at the
New York Pathological Society in 1913, and was Harvey Society lecturer in
1919. For many years he was an Associate Editor of Chemical Abstracts.
He was a member of the American Physiological Society, of the American
Society for Biological Chemists of which he was vice-president in 1916, of the
Society for Pharmacology and Experimental Therapeutics, of the American
Chemical Society, of the Society for Experimental Biology and Medicine, of
the American Medical Association, of the American Association for the
Advancement of Science, and of Die Kaiserlich Leopoldinischen Deutsche
Akademie der Naturforscher zu Halle.
Professor Underhill died in New Haven, Connecticut, on June 28, 1932.
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A note on the fate of tartrates in the body. J. Exper. Med., 1913, 18, 317.
Tartrate nephritis with especial reference to some of the conditions under
which it may be produced. J. Exper. Med., 1913, 18, 322.
(With Lorande Loss Woodruff): Protozoan protoplasm as an indicator of patho-
logical changes. I. In nephritis. J. Biol. Chem., 1913, 15, 385.
Protozoan protoplasm as an indicator of pathological changes. II. In carcinoma.
J. Biol. Chem., 1913, 15, 401.
Protozoan protoplasm as an indicator of pathological changes. III. In fatigue.
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(With N. R. Blatherwick): The elimination of phenolsulphonephthalein in acute
and chronic tartrate nephritis. J. Biol. Chem., 1914, 19, 39.
(With H. Merriam Steele): The presence of lactic acid in the urine in cyclic
vomiting of childhood. Am. J. Dis. Child., 1914, 8, 127.
Studies in carbohydrate metabolism. III. The influence of hydrazine upon glycogen
storage in the organism, and upon blood composition. J. Biol. Chem., 1914,
17, 293.
Studies in carbohydrate metabolism. IV. Do hydrazine derivatives show the typical
hydrazine effect upon blood sugar content? J. Biol. Chem., 1914, 17, 295.
(With A. L. Prince): Studies in carbohydrate metabolism. V. The disappearance
of sugar from solutions perfused through the heart of the normal rabbit, and
of animals subjected to inanition and to the action of hydrazine. J. Biol.
Chem., 1914, 17, 299.
(With Norman R. Blatherwick): Studies in carbohydrate metabolism. VI. The
influence of thyreoparathyroidectomy upon the sugar content of the blood and
the glycogen content of the liver. J. Biol. Chem., 1914, 18, 87.
Studies in carbohydrate metabolism. VII. The influence of subcutaneous injec-
tions of dextrose and of calcium lactate upon the blood sugar content and upon
tetany after thyreoparathyroidectomy. J. Biol. Chem., 1914, 19, 119.
(With A. G. Hogan): Studies in carbohydrate metabolism. VIII. The influence of
hydrazine on the utilization of dextrose. J. Biol. Chem., 1915, 20, 203.
Studies in carbohydrate metabolism. IX. The influence of hydrazine on the
glyoralose activity of the liver. J. Biol. Chem., 1915, 20, 211.
(With John R. Murlin): Studies in carbohydrate metabolism. X. The influence
of hydrazine upon the respiratory quotient and upon heat production. J. Biol.
Chem., 1915, 22) 499.
The distribution of arsenic in a human body. J. Biol. Chem., 1914, 19, 513.
(With Byron M. Hendrix): Does fat formation occur in the perfused kidney?
J. Biol. Chem., 1915, 22, 471.
Studies on the physiological action of some protein derivatives. I. Are pro-
teoses prepared from zein and gliadin physiologically active? J. Biol. Chem.,
1915, 22, 443.
Studies on the physiological action of some protein derivatives. II. The rela-
tion of racemization to the physiological action of proteins and proteoses.
J. Biol. Chem., 1915, 22, 453.
Studies on the physiological action of some protein derivatives. III. The
physiological action of Vaughan's "Crude Soluble Poison". J. Biol. Chem.,
1915, 22, 465.
The control of acidosis and its relation to impaired sugar metabolism in human
diabetes. Proc. Soc. Exper. Biol. & Med., 1916, 13, 111.
Possible interrelations between acidosis and creatine elimination. Proc. Soc. Exper.
Biol. & Med., 1916, 13, 113.
Studies in carbohydrate metabolism. XI. The role of calcium in the regulation of
blood sugar content. J. Biol. Chem., 1916, 25, 447.
Studies in carbohydrate metabolism. XII. The influence of sodium carbonate upon
blood sugar content and upon epinephrin hyperglycemia and glycosuria.
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Studies in carbohydrate metabolism. XIII. The influence of magnesium salts upon
blood sugar content and upon epinephrin hyperglycemia and glycosuria. J. Biol.
Chem., 1916, 25, 471.
(With L. Jean Bogert): Alterations in the output of certain urinary constituents
as determined by changes in the character of the diet. J. Biol. Chem., 1916,
27, 161.
(With Emil J. Baumann): The interrelations of blood fat and blood sugar content
of dogs under the influence of hydrazine. J. Biol. Chem., 1916, 27, 169.
(With L. Jean Bogert and Lafayette B. Mendel): Studies of the permeability of
cellular membranes. I. The regulation of the blood volume after injections
of saline solutions. Am. J. Physiol., 1916, 41, 189.
Studies of the permeability of cellular membranes. II. The action of saline
colloidal solutions upon the tegulation of blood volume. Am. J. Physiol., 1916,
41, 219.
Studies of the permeability of cellular membranes. III. The influence of
alkaline-saline solutions upon regulation of blood volume. Am. J. Physiol.,
1916, 41, 229.
(With Emil J. Baumann): Studies in creatine metabolism. I. Possible interrela-
tions between acidosis and creatine elimination. J. Biol. Chem., 1916, 27,
127.
Studies in creatine metabolism. II. The influence of alkali upon creatine
elimination during inanition. J. Biol. Chem., 1916, 27, 141.
Studies in creatine metabolism. III. The influence of alkali upon the creatin-
uria of phlorhizin glycosuria. J. Biol. Chem., 1916, 27, 147.
Studies in creatine metabolism. IV. The relation of creatinuria to carbohy-
drate metabolism and acidosis. J. Biol. Chem., 1916, 27, 151.
The relation of the acid-base equilibrium of the body to carbohydrate metabolism.
J. Am. Med. Asso., 1917, 68, 497.
(With Russell H. Chittenden): The production in dogs of a pathological condi-
tion which closely resembles human pellagra. Am. J. Physiol., 1917, 44, 13.
(With Louise McDanell): Studies in carbohydrate metabolism. XIV. The influ-
ence of alkali administration upon blood sugar content in relation to the acid-
base-producing properties of the diet. J. Biol. Chem., 1917, 29, 227.
Studies in carbohydrate metabolism. XV. The influence of acid-forming and
base-forming diets upon blood sugar content. J. Biol. Chem., 1917, 29, 233.
Studies in carbohydrate metabolism. XVI. The relation of epinephrine gly-
cosuria to dosage and to the character of the diet. J. Biol. Chem., 1917,
29, 245.
Studies in carbohydrate metabolism. XVII. Further experiments upon the
influence of the intravenous injection of sodium carbonate upon epinephrine
hyperglycemia and glycosuria. J. Biol. Chem., 1917, 29, 251.
Studies in carbohydrate metabolism. XVIII. The relation of diet to the
glycogen content of the liver. J. Biol. Chem., 1917, 29, 255.
Studies in carbohydrate metabolism. XIX. The influence of the intravenous
injection of sodium carbonate upon the hyperglycemia and glycosuria follow-
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Studies in carbohydrate metabolism. XX. New experiments upon the mechan-
ism of salt glycosuria. J. Biol. Chem., 1917, 29, 273.
(With L. Jean Bogert): Urinary excretion of phosphates in the rabbit. J. Biol.
Chem., 1918, 36, 521.
Poisoning with the lethal war gases. J. Am. Med. Asso., 1919, 73, 686.
(With James A. Honeij, L. Jean Bogert, and Myrtle L. Aldrich): Studies on
calcium and magnesium metabolism in disease. I. Calcium and magnesium
metabolism in leprosy. J. Exper. Med., 1920, 32, 41.
Studies on calcium and magnesium metabolism in disease. II. Calcium and
magnesium metabolism in multiple cartilaginous exostosis. J. Exper. Med.,
1920, 32, 65.
(With George Eric Simpson): The effect of diet on the excretion of indican and
the phenols. J. Biol. Chem., 1920, 44, 69.
(With Michael Ringer): Blood concentration changes in influenza. J. Am. Med.
Asso., 1920, 75, 1531.
(With Barnett Greenhouse): Changes in blood concentration in experimental
nephritis. J. Urol., 1921, 6, 83.
(With Michael Ringer): Studies on the physiological action of some protein deriva-
tives. VII. The influence of various protein split-products on the metabolism
of fasting dogs. J. Biol. Chem., 1921, 48, 503.
Studies on the physiological action of some protein derivatives. VIII. The
influence of nucleic acids on the metabolism of fasting dogs. J. Biol. Chem.,
1921, 48, 523.
Studies on the physiological action of some protein derivatives. IX. Alkali
reserve and experimental shock. J. Biol. Chem., 1921, 48, 533.
(With Mary Louisa Long): Studies on the physiological action of some protein
derivatives. X. The influence of nucleic acid on the metabolism of the fasting
rabbit. J. Biol. Chem., 1921, 48, 537.
(With Philip Greenberg and Anthony F. Alu): Studies on the physiological action
of some protein derivatives. XI. The influence of some protein split-products
upon the metabolism of fasting rabbits. J. Biol. Chem., 1921, 48, 549.
(With Charles T. Nellans): The influence of thyroparathyroidectomy upon blood
sugar content and alkali reserve. J. Biol. Chem., 1921, 48, 557.
(With Stanton H. Davis): The excretion of arsenic after serial administration of
arsphenamin and neo-arsphenamin. Arch. Dermat. & Syph., 1922, 5, 40.
(With Louis Errico): The influence of purgatives upon blood concentration.
J. Pharm. & Exper. Therap., 1922, 19, 135.
(With Axel M. Hjort): Studies on the physiological action of some protein deriva-
tives. IV. The toxicity of Vaughan's "Crude Soluble Poison"- J. Pharm. &
Exper. Therap., 1922, 19, 145.
(With Michael Ringer): Studies on the physiological action of some protein deriva-
tives. V. The relation of blood concentration to peptone shock. J. Pharm. &
Exper. Therap., 1922, 19, 163.
Studies on the physiological action of some protein derivatives. VI. The influ-
ence upon blood concentration of Vaughan's "Crude Soluble Poison." J.
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(With Roy C. Ferguson): The toxicity of potassium chloride in experimental
nephritis. J. Urol., 1922, 7, 311.
(With Wilder Tileston and Jean Bogert): Metabolism studies in tetany. J. Metab.
Research, 1922, 1, 723.
(With Robert Kapsinow): A study of metabolism in chloroform poisoning. J.
Metab. Research, 1922, 2, 57.
(With George T. Pack): The influence of benzyl benzoate upon nitrogenous metab.
olism. J. Metab. Research, 1922, 2, 73.
(With Henry F. Farrell): The influence on metabolism of some purine and
pyrimidine bases. J. Metab. Research, 1922, 2, 107.
(With Erwin G. Gross): The metabolism of inorganic salts. I. The inorganic
ion balance of the blood in parathyroid tetany. J. Biol. Chem., 1922, 54, 105.
(With Robert Kapsinow): The comparative toxicity of ammonium salts. J. Biol.
Chem., 1922, 54, 451.
The influence of water introduction upon blood concentration induced by
water deprivation. J. Biol. Chem., 1922, 54, 459.
The relationship of blood concentration to nitrogen retention in experimental
nephritis. J. Urol., 1922, 8, 307.
New experiments with Vaughan's "Crude Soluble Poison." J. Lab. & Clin.
Med., 1923, 8, 1.
(With S. Clement Roth): The influence of water deprivation, pilocarpin, and
histamine upon changes in blood concentration in the rabbit. J. Biol. Chem.,
1922, 54, 607.
(With Robert Kapsinow): The influence of subcutaneous injections of indole and
skatole upon the nitrogenous metabolism of the rabbit. J. Biol. Chem., 1922,
54, 717.
(With Edward T. Wakeman): The behavior of chlorides introduced into the blood
under normal and nephritic conditions. J. Biol. Chem., 1922, 54, 701.
(With Robert Kapsinow): The influence of water deprivation upon changes in
blood concentration induced by experimental shock. Am. J. Physiol., 1922,
63, 142.
(With Margaret Tyler): Does menstruation influence blood concentration? Am. J.
Obst. & Gyn., 1923, 5, 1.
(With Benedict R. Harris): The influence of benzol upon certain aspects of
metabolism. J. Indust. Hyg., 1923, 4, 491.
(With Wilder Tileston): Tetany in the adult with special reference to alkalosis
and calcium metabolism. Am. J. Med. Sci., 1923, 165, 625.
(With Erwin G. Gross and William Cohen): Studies in inorganic metabolism.
III. The significance of phosphates in the production of tetany. J. Metab.
Research, 1923, 3, 679.
(With George L. Carrington, Robert Kapsinow, and George T. Pack): Blood
concentration changes in extensive superficial burns, and their significance for
systemic treatment. Arch. Int. Med., 1923, 32, 31. (Also in: Ber. d. K.
Leopoldinischen Deut. Akad. d. Naturforsch. z. Halle, 1929, 4, 54.)
(With Joseph Epstein): The permeability of capillaries as influenced by various
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(With Samuel Karelitz, Jr.): The influence of hydrazine upon blood concentra-
tion and blood sugar content. J. Biol. Chem., 1923, 58, 147.
(With Alice Dimick): The metabolism of inorganic salts. IV. The content of
inorganic salts in the blood in pregnancy, with especial reference to calcium.
J. Biol. Chem., 1923, 58, 133.
(With Erwin G. Gross): The metabolism of inorganic salts. V. Inorganic salt
metabolism in cocaine poisoning. J. Biol. Chem., 1923, 58, 141.
(With Gustav Wilens): Studies in carbohydrate metabolism. XXI. The relation
of sugar excretion to renal integrity. J. Biol. Chem., 1923, 58, 153.
(With George T. Pack): Experimental ablation of the superior cervical sympa-
thetic ganglia of the rabbit. Am. J. Physiol., 1923, 66, 519.
The influence of various diuretics on the concentration of the blood. Am. J.
Physiol., 1923, 66, 520.
(With Jacob B. Sigal): The effects of intravenous injection of anisotonic solutions
on blood concentration. J. Metab. Research, 1923, 4, 535.
(With Frank G. Amatruda): The transmission of arsenic from mother to fetus.
J. Am. Med. Asso., 1923, 81, 2009.
(With Hyman W. Weinstein): The rate of absorption of fluids by different routes.
J. Metab. Research, 1923, 4, 543.
(With George T. Pack, Joseph Epstein, and I. Newton Kugelmass): Experimental
studies in electroionic medication. Am. J. Med. Sci., 1924, 167, 625.
(With Robert Kapsinow): The effects of saline cathartics in conditions of dehydra-
tion. J. Am. Med. Asso., 1924, 82, 9.
(With Myron A. Sallick): On the mechanism of water intoxication. J. Biol. Chem.,
1925, 63, 61.
(With George T. Pack): The pharmacological behavior of malic acid and its salts.
J. Pharm. & Exper. Therap., 1925, 25, 467.
(With Margaret Tyler): The influence of pregnancy upon the lipoids of the blood.
J. Biol. Chem., 1925, 66, 1.
(With Douglas H. Sprunt): The influence of amytal upon blood sugar content.
Proc. Soc. Exper. Biol. & Med., 1927, 25, 137.
(With Max Horn): Concentration of arsenic in blood subsequent to serial adminis-
tration of neoarsphenamine. Proc. Soc. Exper. Biol. & Med., 1927, 25, 138.
Changes in blood concentration with special reference to the treatment of extensive
superficial burns. Ann. Surg., 1927, 81, 840.
Treatment of the effects of irritating gases and of extensive superficial burns. Seven-
teenth Ann. Safety Congress, National Safety Council, 1928.
Changes in blood concentration and their significance in the systemic treatment of
cases of extensive superficial burns. Colloid Chem., 1928, 2, 723.
(With Alice Dimick): The production of hyperglycemia by subcutaneous injections
of sodium arsenite in the rabbit. J. Biol. Chem., 1928, 76, 163.
(With Lafayette B. Mendel): A dietary deficiency canine disease Further experi-
ments on the diseased condition in dogs described as pellagra-like by Chittenden
and Underhill and possibly related to so-called black-tongue. Am. J. Physiol.,
1928, 83, 589.
(With Alice Dimick): The distribution of arsenic in the tissues after serial adminis-
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The influence of certain arsenicals upon sulphur excretion. J. Pharm. & Exper.
Therap., 1928, 32, 359.
(With John M. Freiheit): Effect of pilocarpine and epinephrine in the production
of specific lesions in the stomach of rabbits. Arch. Path., 1928, 5, 41 1.
(With Erwin G. Gross): Pharmacological action and chemical characteristics of
products produced from Witte's peptone by electrolysis. J. Pharm. & Exper.
Therap., 1928, 33, 69.
Pellagra and some allied conditions. Yale J. Biol. & Med., 1928, 1, 65.
(With Erwin G. Gross): Is there a relationship between the spleen and calcium
metabolism? J. Biol. Chem., 1929, 81, 163.
(With Joseph Petrelli): The influence of choline upon blood sugar content. J. Biol.
Chem., 1929, 81, 159.
(With Oscar R. Johnson): A comparative study of new ether derivatives of barbituric
acid. J. Pharm. & Exper. Therap., 1929, 35, 441.
(With Robert Kapsinow): Does cabbage fed to rabbits increase serum calcium?
J. Biol. Chem., 1929, 82, 377.
(With Edward C. Wood): The effect of magnesium sulphate on strychnine con-
vulsions. J. Pharm. & Exper. Therap., 1929, 36, 129.
(With Florence I. Peterman): Studies in the metabolism of aluminium. I. Method
for determination of small amounts of aluminium in biological material.
Am. J. Physiol., 1929, 90, 1.
Studies in the metabolism of aluminium. II. Absorption and deposition of
aluminium in the dog. Am. J. Physiol., 1929, 90, 15.
Studies in the metabolism of aluminium. III. Absorption and excretion of
aluminium in normal man. Am. J. Physiol., 1929, 90, 40.
(With Florence I. Peterman and S. L. Steele): Studies in the metabolism of alumin-
ium. IV. The fate of intravenously injected aluminium. Am. J. Physiol.,
1929, 90, 52.
(With Florence I. Peterman): Studies in the metabolism of aluminium. V. The
relation of age to the amount of aluminium in tissues of dogs. Am. J. Physiol.,
1929, 90, 62.
(With Florence I. Peterman, Erwin G. Gross, and Arlington C. Krause): Studies in
the metabolism of aluminium. VI. The occurrence of aluminium in human
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Studies in the metabolism of aluminium. VII. The aluminium content of
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aluminium. VIII. A note on the toxic effects produced by subcutaneous
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(With W. E. Callison, and J. Lander): The potassium and calcium content of the
brain under MgSO4 anesthesia. J. Pharm. & Exper. Therap., 1930, 38, 385.
The significance of anhydremia in extensive superficial burns. J. Am. Med. Asso.,
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(With Robert Kapsinow and Merl E. Fisk): Studies on the mechanism of water
exchange in the animal organism. I. The nature and effects of superficial
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Studies on the mechanism of water exchange in the animal organism. II.
Changes in capillary permeability induced by a superficial burn. Am. J.
Physiol., 1930, 95, 315.
Studies on the mechanism of water exchange in the animal organism. III.
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Physiol., 1930, 95, 325.
(With Merl E. Fisk): Studies on the mechanism of water exchange in the animal
organism. IV. The composition of edema fluid resulting from a superficial
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exchange in the animal organism. V. The relationship of the blood chlorides
to the chlorides of edema fluid produced by a superficial burn. Am. J. Physiol.,
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(With Merl E. Fisk): Studies on the mechanism of water exchange in the animal
organism. VII. An investigation of dehydration produced by various means.
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Studies on the mechanism of water exchange in the animal organism. VIII.
A study of dehydration by pilocarpine under varied dietary conditions. Am.
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(With Robert Kapsinow): The alleged toxin of burned skin. J. Lab. & Clin. Med.,
1931, 16, 823.
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J. Pharm. & Exper. Therap., 1932, 44, 43.
The distribution of chlorides and iodides in the skin and muscles of the rabbit
after administration of potassium iodide. J. Pharm. & Exper. Therap., 1932,
44, 23.
Certain aspects of water metabolism. Yale J. Biol. & Med., 1932, 4, 579.
Clinical aspects of vitamin G deficiency. J. Am. Med. Asso., 1932, 99, 120.